We describe a zebra®sh gene, Ziro3, which is highly homologous to Xenopus and mouse iroquois3. Ziro3 expression starts during gastrulation in the dorsal axial mesoderm that develops into the notochord. Later, the expression is limited to the chordo-neural hinge in the tailbud. Ziro3 expression also occurs in the central nervous system (CNS), excluding the telencephalon. The level of Ziro3 expression differs in odd and even rhombomeres. In the midbrain±hindbrain boundary (MHB) and rhombomere 6, Ziro3 transcripts appear only after the formation of the cerebellum and otic vesicle, respectively. q
Results
Iroquois genes code for transcription factors of the three amino acid loop extension (TALE) superclass of homeobox genes (Burglin, 1997) . In this study, using a pair of degenerate primers based on the conserved Iroquois homeodomains (Fig. 1A) , a zebra®sh cDNA fragment of the iroquois homeobox region was ampli®ed by RT-PCR. The PCR fragment was then used to screen an embryonic cDNA library (Gong et al., 1997) and a complete zebra®sh iroquois cDNA clone was obtained. The cDNA clone encodes a protein of 428 amino acids, which is highly homologous to Xenopus and mouse Iroquois3 (Bosse et al., 1997; Bellefroid et al., 1998; Gomez-Skarmeta et al., 1998) and thus is designated as Ziro3 (Fig. 1B) .
Expression of Ziro3, as examined by whole-mount in situ hybridization (Korzh et al., 1998) , was initially detected in the midline during gastrulation at 8 h post-fertilization (hpf) ( Fig. 2A ) and became more prominent by 9 hpf (Fig. 2C) . The expression seemed to be limited to the notochord precursors and not in the pre-chordal plate, which was de®ned by the expression of goosecoid mRNA (Fig. 2B ) (Stachel et al., 1993) . By 10 hpf, Ziro3 mRNA was expressed in the anterior neural plate that would develop into the midbrain (Fig. 2D) and by 11 hpf, the expression was also observed in the prospective hindbrain (Fig. 2E ).
Cross section of an 11 hpf embryo through the notochord con®rmed that Ziro3 expression was limited to the notochord and not in the epiblast (Fig. 2F) . By 14 hpf, Ziro3 mRNA was clearly located in regions giving rise to the anterior midbrain, hindbrain, spinal cord as well as in the regions (auditory placode) lateral to the hindbrain (Fig. 2I ). It is also interesting to note that Ziro3 expression is stronger in the even rhombomeres (r2 and r4), weaker in odd rhombomeres (r1, r3, and r5), and absent from the midbrain± hindbrain boundary (MHB) and rhombomere 6 (Fig. 2I ). The identity of the rhombomeres was determined by double in situ hybridization using a mixture of Ziro3 and Krox-20 probes, the latter of which stained r3 and r5 (Fig. 2K,L ) (Oxtoby and Jowett, 1993) . Ziro3 expression starts in r6 only after the otic vesicle is formed at 18.5 hpf, and in the MHB after the cerebellum is formed at 22 hpf (Fig. 2J) .
In the tail bud, Ziro3 expression was mapped to both the spinal cord and notochord in 14 hpf embryos (Fig. 2G) . However, the expression in the notochord faded gradually from the anterior and was limited by 17 hpf to only the chordo-neural hinge (CNH) (Fig. 2H ) that contributes to midline structures (notochord,¯oorplate, hypochord) (Kanki and Ho, 1997) . In the spinal cord, Ziro3 was expressed in the dorsal intermediate and ventral parts of the neural tube occupied by interneurons and motoneurons (Fig. 2M,N) (Bernhardt et al., 1990) . At 24 hpf, expression started in the ventral diencephalon and midbrain (Fig. 2J ) The complete Ziro3 amino acid sequence deduced from the cDNA clone and its alignment with Xenopus Iroquois3 (Xiro3). Identical residues in Xiro3 are indicated by dashes and asterisks represent insertions of gaps for maximal alignment. The two highly conserved regions, homeodomain (62 amino acids) and IRO box (14 amino acids), are boxed according to Bellefroid et al. (1998) and Bosse et al. (1997), respectively. and at 48 hpf, also in the region ventral to the choroid ®ssure in the eye (Fig. 2O) . In summary, Ziro3 transcripts are present in the CNS from the mid-brain to the posterior end of the spinal cord, but absent from the telencephalon and most of the diencephalon. Unlike other characterized vertebrate iroquois genes (Bosse et al., 1997; Bellefroid et al., 1998; GomezSkarmeta et al., 1998) , Ziro3 is also expressed in the posterior midline mesodermal structures Abbreviations: AP, auditory placode; C, cerebellum; CNH, chordo-neural hinge; D, diencephalon; H, hindbrain; L, lens, M, midbrain; N, notochord; R, retina; r, rhombomere; SC, spinal cord; T, telencephalon. Anterior is to the left except for F and N. Scale bars represent 100 mM for (A±E), 25 mM for (F, N, O) and 100 mM for (G±M).
